In the present work the Y (4260) resonance is considered as a weakly bound state of a pseudoscalar D and an axial D1 charm meson. We consider the two-body decay Y (4260) → Zc(3900) ± +π ∓ , where Zc(3900)
± is treated as hadron molecule as well. Moreover we compute the Y (4260) decay modes J/ψπ + π − , recently observed by the BESIII Collaboration, and ψ(2S)π + π − . In the last process both the contact diagram with DD1 → ψ(nS)π + π − and the resonance diagram with DD1 → Zc(3900)
± + π ∓ → ψ(nS)π + π − are taken into account.
I. INTRODUCTION
The recent observation by three collaborations -BESIII [1] , Belle [2] and CLEO-c [3] -of the new resonance Z c (3900) ± , and its neutral partner Z c (3900) 0 by CLEO-c [3] , stimulated several studies of this state originating in different theoretical structure assumptions. Since the observed state can be charged and carries intrinsic charm the main proposition rests on an interpretation either as a hadronic molecular or as a tetraquark state [4, 5] .
Z c (3900) ±,0 states can also play a role in the decay dynamics of the Y (4260), which is also considered as a resonance outside the usual charmonium spectrum. This resonance was first observed by BABAR [6] and later confirmed by the CLEO-c [7] and Belle [8] Collaborations. In the literature different interpretations of the structure of this state were considered (for an overview, see e.g. Ref. [9] ): molecular assignment -DD 1 (2420) molecular state [9] [10] [11] , J/ψKK bound state [12] , χ c ρ [13] or χ c ω molecular state [14] , charmonium interpretation [15] , tetraquark [16, 17] , mixed charmonium-tetraquark state [18] , nonresonant explanation of the Y (4260) state ( interference of ψ(4160) and ψ(4415) charmonia states) [19] , hybrid ccg [20] , hybrid mesons (mixing of cc and ccg) [21] , and baryonium Λ + c Λ − c bound state [22] . Note that in the coupled-channel model proposed in [23] , it was noticed that there is no pole associated with the Y (4260) state. In addition, the production and decay of Y (4260) via e + e − → Y (4260) → J/ψπ + π − was also studied in Ref. [24] . The study of this reaction chain can be an important check for the inner structure of the intermediate state Y (4260).
Based on the hadronic molecular scenario, in Ref. [5] we considered the Z c (3900) and a possible Z ′ c (3950). In a phenomenological Lagrangian approach [25] - [31] we studied the strong decay widths for Z c (3900
To set up the bound state structure of the composite state we use the compositeness condition [32] - [34] which is the key ingredient of our approach. In Refs. [33, 34] and [25] - [31] it was proved that this condition is an important and successful quantum field theory tool for the study of hadrons and exotic states as bound states of their constituents. Here we adopt a hadronic molecular structure for the Y (4260) state where the composition is made up of the pseudoscalar D(1870) and the axial D 1 (2400) charm mesons.
In this work we analyze the strong two-body decay Y (4260) → Z c (3900) ± +π ∓ and the three-body decays Y (4260) → J/ψ + π + π − and Y (4260) → ψ(2s) + π + π − by using the same phenomenological Lagrangian approach developed in Refs. [25] - [30] . The states Z c (3900) and Y (4260) are considered as molecular states. In particular, we consider the Z c (3900) ± as hadronic molecules as was previously discussed in Refs. [4] . Z c (3900) ± together with the neutral partner Z c (3900) 0 form the isospin triplet with the spin and parity quantum numbers
We also consider the Y (4260) state as a isosinglet molecular state,
with
) are the doublets of pseudoscalar, vector and axial-vector D mesons; τ ±,0 are the isospin matrices defined in terms of the triplet of Pauli matrices τ i as 
II. BASIC MODEL INGREDIENTS
Our approach to the possible hadron molecules Z c (3900) and Y (4260) is based on interaction Lagrangians describing the coupling of the respective states to their constituents,
where
y is a relative Jacobi coordinate, and g Zc and g Y are dimensionless coupling constants of Z c (3900) and Y (4260) to the molecularDD * andDD 1 components, respectively. Here, Φ H (y 2 ) (H = Y, Z c ) is the correlation function which describes the distributions of the constituent mesons in the bound states. A basic requirement for the choice of an explicit form of the correlation function Φ H (y 2 ) is that its Fourier transform vanishes sufficiently fast in the ultraviolet region of Euclidean space to render the Feynman diagrams ultraviolet finite. For simplicity we adopt a Gaussian form for the correlation functions. The Fourier transform of this vertex function is given byΦ
where p E is the Euclidean Jacobi momentum. Λ H stand for the size parameters characterizing the distribution of the two constituent mesons in the Z c (3900) and Y (4260) systems. From our previous analyses of strong two-body decays of X, Y, Z meson resonances interpreted as hadron molecules and of the Λ c (2940), Σ c (2880) baryon states we deduced a value of about Λ ∼ 1 GeV [30] . For a very loosely bound system like the X(3872), a size parameter of Λ ∼ 0.5 GeV [29] is more suitable. Once the size parameters and the masses of the bound state systems are chosen, the respective coupling constants g H are determined by the compositeness condition [25, 30, [32] [33] [34] . It implies that the renormalization constant of the hadron wave function is set equal to zero with
Here, Σ ′ H is the derivative of the transverse part of the mass operator Σ µν H of the molecular states (see Fig. 1 ), which is defined as
The explicit expression for the coupling constant g H (H = Y, Z c ) resulting from the compositeness condition is
Mass operators of Zc(3900) and Y (4260).
In the previous equation we use the notation
In the calculation we use for the Y (4260), the mass M Y = 4250 ± 9 MeV and width Γ Y = 108 ± 12 MeV [35] . The mass of the Z c (3900) is expressed in terms of the constituent meson masses and the binding energy ǫ Zc as
Note that ǫ Zc is a variable quantity in our calculations, which we vary from 0.5 to 5 MeV. Once the mass of the composite state Z c is fixed, the value for the coupling of Z c (3900) to DD * can be extracted from the compositeness condition. Values for this coupling in dependence on the binding energy ǫ Zc and the cutoff Λ Zc are shown in Table  I . Note that the dependence of g Zc on the binding energy is in agreement with the scaling law of hadronic molecules found in Ref. [26] : g Zc ∼ ǫ The diagram contributing to the two-body decays Y (4260) → Z c (3900) + π is shown in Fig. 2 
where D Fig. 3(a) , we also need the DD 1 π + π − ψ interaction Lagrangian which can be derived using formalism proposed in Ref. [5] . In particular, one can derive a phenomenological Lagrangian describing the coupling of heavy quarkonia with pair of pseudoscalar, vector or axial heavy-light mesons and light pseudoscalar mesons. The phenomenological Lagrangian reads
where g F and g D are effective coupling constants, [. . .] and {. . .} denote the commutator and anticommutator, respectively.
The
where J and h denote the Ψ and h c states; 
where F π = 92.4 MeV is the pion decay constant, π = (π 1 , π 2 , π 3 ) is the triplet of pions. Note the couplings g D , g F and g H are phenomenological parameters. Below we show that we have two constraints on these couplings. From Eq. (12) we deduce specific Lagrangians describing the couplings between heavy charmonia, charmed mesons and the pion which are relevant for the decay
In the evaluation of Fig. 3 (b) the subprocess Z ± c → (DD * ) ± → ψ(nS) + π ± is treated as worked out in Ref. [5] .
III. DECAY MODES AND RESULTS
The two-body decay width for the transition Y (4260) → Z c (3900) + π described in Fig. 2 is given by
is the magnitude of the three-momentum of outgoing particles in the rest frame of the Y (4260) state,
is the Källen function and M inv,2 is the corresponding invariant matrix element. We consider the finite width of the Y(4260) by setting up a mass distribution f (m Y ) in the form [36, 37] 
The lowest strong decay threshold is denoted by M thr = M J/ψ + 2M π ≃ 3.376 GeV, and A 0 is a normalization constant such that
In Eq. (13) we average the available phase space over the mass distribution of the Y (4260), while the matrix element is evaluated at the central mass value of 4250 MeV. This procedure will capture the major features of the mass distribution of the Y (4260). The three-body decay width related to the process of Fig. 3 is evaluated as
where p 1,2,3 and m 1,2,3 are the momenta and masses of the three outgoing particles; s 1 = (p 1 +p 2 ) 2 and s 2 = (p 2 +p 3 ) 2 are the Mandelstam variables, Table V . Contribution of the contact diagram in Fig. 3 
In Tables III and IV we present our numerical results for the widths of both decay modes involving J/ψ and ψ(2S) (in brackets). Results are given for different values of the Z c binding energy and of the respective size parameters Λ Y and Λ Zc . In the calculation of the Z c resonance contribution, the propagator of Z c state is described by a Breit-Wigner form, where we have used a constant width Γ Zc in the imaginary part, i.e. we have used
We consider two results for Γ Zc including error bars: 46 ± 10 ± 20 MeV -according to BESIII [1] (see Table III ) and -63 ± 24 ± 26 MeV -the result of the Belle Collaboration [2] (see Table IV ). The results for the sole contribution of the contact diagram in Fig. 3 (a) are shown in Table V . For completeness we also plot our results for the three-body decays in Figs. 5-7. In particular, in Fig. 5 we plot the ratio R of resonance diagram [ Fig. 3(b) ] to total contribution (Fig. 3) 
As is evident from In Fig. 6 we indicate the horizontal line Γ(Y (4260) → J/ψπ + π − ) = 0.508 MeV corresponding to the lower limit for this decay rate extracted from data of Ref. [38] . From this constraint and from data for the ratio R we estimate that the lower limit of Γ(Y (4260) → Z 
In summary, using a phenomenological Lagrangian approach, we give predictions for the two-and three-body decay rates
Our results for the two-body decays are in the order of several MeV. For the Y (4260) three-body decay with a charged pion pair, we estimated both contact and Z c (3900)-resonance contributions, and the decay rate varies from several hundred keV to a few MeV. Both the background and Z c (3900) contributions are explicitly shown. We expect that the quantitative predictions given here can serve as a further test for the molecular interpretation of the Y (4260) and can be measured in forthcoming experiments.
In further work we plan to estimate other strong and also radiative decay modes of the Y (4260) state. In particular, the following decay modes of the Y (4260) state can be analyzed: strong decay modes with two heavy charm mesons DD, DD * or D * D * in the final state, the strong decay modes with a h c state, and radiative decay Y (4260) → X(3872) + γ. Special attention will be paid to an analysis of other possible hidden charm resonances [in addition to Z c (3900)] with spin-parities 0 ± , 1 ± and with a mass in the interval 3900 − 4100 MeV, all contributing to the total width of the Y (4260) state. 
